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Two cohorts of Chernobyl cleanup workers from Estonia (4,786
men) and Latvia (5,546 men) were followed from 1986 to 1998 to
investigate cancer incidence among persons exposed to ionizing
radiation from the Chernobyl accident. Each cohort was identified
from various independent sources and followed using nationwide
population and mortality registries. Cancers were ascertained by
linkage with nationwide cancer registries. Overall, 75 incident
cancers were identified in the Estonian cohort and 80 in the Lat-
vian cohort. The combined-cohort standardized incidence ratio
(SIR) for all cancers was 1.15 (95% confidence interval (CI) 5
0.98–1.34) and for leukemia, 1.53 (95% CI 5 0.62–3.17; n 5 7).
Statistically significant excess cases of thyroid (SIR 5 7.06, 95%
CI 5 2.84–14.55; n 5 7) and brain cancer (SIR 5 2.14, 95% CI 5
1.07–3.83; n 5 11) were found, mainly based on Latvian data.
However, there was no evidence of a dose response for any of these
sites, and the relationship to radiation exposure remains to be
established. Excess of thyroid cancer cases observed may have
been due to screening, the leukemia cases included 2 unconfirmed
diagnoses, and the excess cases of brain tumors may have been a
chance finding. There was an indication of increased risk associ-
ated with early entry to the Chernobyl area and late follow-up,
though not statistically significant. Further follow-up of Cher-
nobyl cleanup workers is warranted to clarify the possible health
effects of radiation exposure.
' 2006 Wiley-Liss, Inc.
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After the reactor accident at the Chernobyl nuclear power sta-
tion in April 1986, ~600,000 persons from throughout the former
Soviet Union were sent to the Chernobyl area for environmental
cleanup and related activities.1 The cleanup workers, also known
as liquidators, remained in the area for an average of 3 months.2

Although average radiation doses to these workers are now known
to have been low, ~0.1 Gy, some workers received higher doses.3,4

To assess cancer risks related to working in a radioactively contam-
inated area, cohort studies of cleanup workers in Belarus,5 Ukraine,6

the Russian Federation,7 Lithuania,8 Latvia9 and Estonia10 were
initiated.

The first results on cancer incidence and cause-specific mortal-
ity of the Estonian Study of Chernobyl Cleanup Workers covered
the period 1986–1993.10 No significant increase in the incidence
of any cancer was found; however, significant excess cases of sui-
cide deaths were observed. To evaluate further the possible effect
of radiation exposure on the incidence of leukemia and other can-
cers among Chernobyl cleanup workers, a Baltic cohort was estab-
lished. Here we report the results from Estonia and Latvia.

Material and methods

The establishment of the Chernobyl cleanup worker cohort in
Estonia has been described in detail.2 In brief, the cohort was

assembled in 1992 using multiple data sources, including the Gen-
eral Staff of Estonian Defence Forces, the former Estonian Cher-
nobyl Radiation Registry, the Estonian Chernobyl Committee and
the former Ministry of Social Welfare. The criterion for including
a person in these sources was the possession of an official record
documenting the person’s Chernobyl service. The initial cohort
consisted of 4,832 men who worked in the Chernobyl area (the
30-km zone around the Chernobyl Nuclear Power Station, and
some surrounding territories), during 1986–1991.

The Latvian cohort was identified in 1993–1994 from several
sources. The main source was the Chernobyl Registry, which was
formed on the basis of the then existing Latvian part of the All-
Union Chernobyl Registry in 1991 when the Chernobyl Medical
Group at the State Clinical Hospital was organized. The Cher-
nobyl Medical Group was responsible for (bi)annual routine medi-
cal check-ups of the cleanup workers, for their hospitalization (if
necessary) and for assigning them into disability groups. The mili-
tary reservists’ lists and regional Health Departments were also
used. The initial cohort in Latvia consisted of 5,860 men who
worked in the Chernobyl area (the 30-km zone around the Cher-
nobyl nuclear power station, and the surrounding territories
including Komarin, Narodichi, Ovruch, Slavutich, Zeljonij Mys
and Zyabrovka) during 1986–1991 and had an official record doc-
umenting their service.

In both Estonia and Latvia, female cleanup workers participated
in construction work; however, their number was small and their
data were not collected.

A questionnaire study was conducted among cleanup workers
in Estonia in 1992–1993,2 and in Latvia in 1993–1994 to collect
information on Chernobyl service and risk factors for cancer. Do-
simeter readings were assumed to approximate a whole-body
dose, and were abstracted primarily from military lists and the
questionnaire responses. In most cases, these doses were based on
thermoluminescent dosimeters or film badges.

In both countries, the cohorts were followed through popula-
tion, mortality and cancer registries. Each cleanup worker was fol-
lowed for vital status from the date of return to his home country
until death, emigration or December 31, 1998, whichever occurred
first. In Estonia, 46 (1.0%) of the cleanup workers were excluded
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from the analysis because they could not be traced (43 persons) or
the year of birth was unknown (3 persons). In Latvia, 314 (5.4%)
men were excluded because they could not be traced. Thus, cancer
incidence analysis was conducted for 4,786 cleanup workers from
Estonia and 5,546 from Latvia for a total of 10,332 workers. Can-
cer cases diagnosed between 1986 and 1998 in the cohorts were
identified by record linkage with the nationwide Estonian Cancer
Registry and Latvian Cancer Registry. During 1993–1997, 81% of
cancers among men from Estonia and 67% from Latvia were
microscopically confirmed (excluding nonmelanoma skin can-
cers).11 Cancer sites were classified according to the 9th revision
of the International Classification of Diseases (ICD-9).12 Histolog-
ical type was classified according to the 2nd edition of the Interna-
tional Classification of Diseases for Oncology (ICD-O-2).13

The review of histological slides for available cases of malig-
nant lymphoma in Estonia was performed by the late Dr. William
Moloney (Brigham and Women’s Hospital, Boston), who con-
firmed the diagnoses. The Latvian thyroid cancer and leukemia
cases were reviewed by panels of pathologists and haematologists
within the framework of a multinational case–control study.14 Of
the 11 cases diagnosed in Latvia that were reviewed with or with-
out slides, there was agreement with all 6 thyroid carcinomas, 1
chronic myeloid leukemia and 1 acute erythroleukemia. One acute
erythroleukemia case and 1 adult T-cell leukemia case were not
confirmed because of insufficient information; 1 acute lymphoid
leukemia can possibly be classified as acute myeloid leukemia.
This evaluation examined only 5 of 7 Latvian leukemia cases
included in the present study.

Calculation of person-years at risk began on the day of return of
the cleanup worker to his home country and ended at emigration,
death or on December 31, 1998, whichever occurred first. If the
cleanup worker had been in the Chernobyl area more than once,
the calculation of person-years started at the date of the first
return. The expected numbers of incident cases of cancer were
obtained by multiplying the number of age- and calendar year-spe-
cific person-years with the national age- and calendar year-specific
cancer incidence rates for the respective male populations in 1986–
1998. The observed and expected numbers were counted by 5-year
age groups and 3 calendar periods (1986–1990, 1991–1995 and
1996–1998).

The standardized incidence ratio (SIR) was calculated as the ra-
tio of observed to expected number of cases for the combined
cohort and the 2 countries separately. The exact 95% confidence
intervals (CIs) for the SIRs were calculated by assuming the Pois-
son distribution for the observed number of cases.

The SIRs were calculated for individual cancer sites/types
defined by the ICD-9 3-digit level, and also separately for all
tobacco-related cancers and alcohol-related cancers. The tobacco-
related cancers included cancers of the oral cavity, oropharynx
and hypopharynx (ICD-9 codes 140–146, 148), esophagus (150),
pancreas (157), larynx (161), lung (162), bladder (188) and kidney
(189). The alcohol-related cancer group included cancer of the
oral cavity, oropharynx, hypopharynx and esophagus (ICD-9
codes 141–146 and 148–150), liver (155) and larynx (161).

Results

The combined cohort consisted of 10,332 men with 113,194
person-years of follow-up (mean length of follow-up, 11.0 years)
(Table I). The cleanup workers had spent an average of 103 days
in the Chernobyl area. Radiation doses were available for 82% of
the workers, with mean and median doses of 10.9 and 9.6 cGy,
respectively.

During the follow-up period, 75 incident cancer cases were ob-
served vs. 64.3 cases expected in Estonia (SIR 5 1.17, 95% CI 5
0.92–1.46). In Latvia, the corresponding figures observed were 80
and expected were 69.5 in Latvia (SIR 5 1.15, 95% CI 5 0.91–
1.43) (Table II).

In the combined cohort, the SIR for all cancers was 1.15 (95%
CI 5 0.98–1.34) and for leukemia, 1.53 (95% CI 5 0.62–3.17).
Statistically significant excess cases were apparent for thyroid
(SIR 5 7.06, 95% CI 5 2.84–14.6) and brain cancer (SIR 5 2.14,
95% CI 5 1.07–3.83). The SIR was 1.16 (95% CI 5 0.91–1.47)
for tobacco-related cancers and 1.16 (95% CI 5 0.73–1.77) for
alcohol-related cancers. Of the 30 SIRs presented, 15 were above
1.0, 14 were below 1.0 and 1 was equal to 1.0. However, there
were 4 statistically significantly increased SIRs and no significant
deficits.

In Estonia, no statistically significant SIR was observed for can-
cer of any individual sites (Table II). No cases of leukemia were
diagnosed, but only 1.8 were expected (SIR 5 0.0, 95% CI 5 0.0–
2.0). The highest SIR was found for thyroid cancer (SIR 5 3.88,
95% CI 5 0.47–14.0), based on only 2 cases. The SIR was 1.12
(95% CI 5 0.77–1.58) for tobacco-related cancers and 1.21 (95%
CI 5 0.60–2.16) for alcohol-related cancers.

In Latvia, there were statistically significant increases in risk of
thyroid cancer (SIR 5 10.52; 95% CI 5 3.41–24.54) and leuke-
mia (SIR 5 2.59; 95% CI 5 1.04–5.34), based on 5 and 7 cases,
respectively. The SIR was 1.20 (95% CI 5 0.85–1.64) for
tobacco-related cancers and 1.13 (95% CI 5 0.57–2.03) for alco-
hol-related cancers.

Overall, 7 thyroid cancers and 7 leukemia cases were observed
(Table III). Four of the seven men with thyroid cancer arrived at
Chernobyl in May 1986, i.e., almost immediately after the acci-
dent when the potential for exposure to radioactive iodines was
the highest. All men who developed thyroid cancer were over the
age of 30 years (average, 36 years) at time of arrival at Chernobyl.
Of the 7 leukemia cases, 2 were specified as chronic myeloid leu-
kemia, 1 as acute myeloid leukemia, 2 as acute erythroleukemia
(coded as unspecified acute leukemia for this analysis), 1 as acute
lymphoid leukemia and 1 as unspecified lymphoid leukemia. Five
leukemia cases were reported among men sent to Chernobyl in
1986.

In the combined cohort, there was an indication of increased
SIR for thyroid cancer among cleanup workers who were sent to
Chernobyl in April–May 1986, and for thyroid and brain cancers
at follow-up of 10 or more years (Table IV). However, there was
no indication of a dose–response relationship for any cancer, and
workers with highest whole-body doses did not have increased
incidence of cancer. For all cancers, the SIR was somewhat ele-
vated among those arriving in Chernobyl in 1986 and among those
who stayed 85 or more days. For cleanup workers from Latvia,
who arrived in the area in 1986, the SIR for leukemia was 3.31
(95% CI 5 1.07–7.71), whereas it was 1.68 (95% CI 5 0.20–
6.07) for those arriving after 1986. Among Latvian workers, the
SIR for leukemia diagnosed less than 5 years after the return was
1.90 (95% CI 5 0.23–6.87) as opposed to 3.90 (95% CI 5 1.26–
9.09) for leukemia diagnosed 5–9 years after return.

Discussion

More than 12 years after the Chernobyl accident, there was no
statistically significant increase in overall cancer risk, but there
was some indication of an excess of thyroid cancer cases, leuke-
mia and brain cancer cases in the combined Estonian–Latvian
cohort of 10,332 cleanup workers. As discussed below, however,
the relationship of the apparent excess number of cases to radia-
tion exposure remains unclear.

The validity of our data is strengthened by the study design,
which included ascertainment of the cohort from multiple, over-
lapping sources, with documentation of service at Chernobyl
required for inclusion in the cohort, and follow-up of the cohort
through record linkage with nationwide population, mortality and
cancer registries. The population-based cancer registries were
established in both the countries well before the accident and their
quality meets the criteria for international comparisons.11 The
weaknesses include potential biases associated with surveillance,
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low statistical power associated with low and presumably impre-
cise individual recorded doses, relatively short follow-up time for
most solid cancers and possible inaccurate diagnoses due to
incomplete histologic verification.

In the interpretation of the findings, it is important to note that
the small number of excess thyroid cancer cases observed is
largely the result of screening examinations carried out among the
cleanup workers in both the countries. Both thyroid cancers in the
Estonian cohort, for example, were detected during thyroid exami-
nations conducted on a sample of 1,984 cleanup workers in
March–April 1995.15 In Latvia, the majority of cleanup workers
received, first, annual16 and, later, biannual routine medical
check-ups in outpatient clinics, and thus were under much closer
medical surveillance than that of the general male population.
Comparison with the general population that has not received sim-
ilar examinations could produce spurious results. The effect of
screening is difficult to quantify, since it depends on the methods
used and the age and gender of the population. The significance of
the thyroid cancer increase, however, disappears if the expected
value of cases is multiplied by a factor of 3 to account for a
screening effect as suggested by the National Council on Radia-
tion Protection and Measurements.17

In addition to the likely effect of screening, the high risk is also
inconsistent with what is known about the effect of age at expo-
sure on thyroid cancer risk, i.e., there is no evidence that radiation
exposure to substantially higher doses (whether to g-rays or radio-
iodines) to adult men over age 30 causes thyroid cancer.18,19 Our
analysis is based on recorded whole-body external doses, but not
thyroid doses, and exposure to radioiodines within a few weeks af-

ter the accident might have been contributed to increased risk of
thyroid cancer. Nonetheless, the exposures during this period are
not likely to be substantial and the effect of exposure at adult age
is likely to be small, if any.

Second, ascertainment bias stemming from increased awareness
and medical attention may increase false-positive diagnoses of leuke-
mia,20,21 and hence explain the excess number of cases in the Latvian
cohort. This is suggested by the anomalously high rate of erythroleu-
kemia. In the Russian cleanup worker study, for example, a signifi-
cant excess of leukemia cases have been reported in comparison with
national rates, but not in a case–control study with internal compari-
son among cleanup workers that excluded unconfirmed diagnoses
and chronic lymphocytic leukemia. The mean doses for cases were
lower than those for controls, and there was no evidence for a dose
response.22–25 Similarly, there was no evidence of a dose response
among our combined cohort, only 3 of the 5 leukemias evaluated
were histologically confirmed, and one of the leukemias (adult T-cell)
is caused by a virus and not radiation.26

Third, the size of the Latvian cohort (5,860 men) in our study is
smaller than the maximum number (about 6,500 men) previously
reported in the literature.27 If correct, it is possible that up to 10%
of Latvian cleanup workers may have been missed. This would
leave open the possibility of differential ascertainment with more
comprehensive identification of men with long-term diseases,
including cancer, due to ascertainment through medical services.
This also could result in an overestimation of risk. However, we
have not yet been able to reconcile the differences in the cohort
numbers, and so there is some uncertainty as to whether a poten-
tial problem exists in cohort definition.

TABLE I – DISTRIBUTION OF MEN IN THE COHORTS OF CHERNOBYL CLEANUP WORKERS IN ESTONIA,
LATVIA AND BOTH COUNTRIES BY SELECTED CHARACTERISTICS, 1986–1998

Characteristics
Estonia Latvia Combined cohort

No. % No. % No. %

Age group (years)1

�19 78 1.6 80 1.4 158 1.5
20–29 1,838 38.4 2,160 38.9 3,998 38.7
30–39 2,298 48.0 2,602 46.9 4,900 47.4
40–49 539 11.3 633 11.4 1,172 11.3
�50 33 0.7 71 1.3 104 1.0
Total 4,786 100 5,546 100 10,332 100

Person-years in an age group2

�19 57.6 0.1 52.5 0.1 110.1 0.1
20–29 8,855.3 17.1 10,678.2 17.4 19,533.5 17.3
30–39 24,206.8 46.8 28,382.9 46.2 52,589.7 46.5
40–49 16,001.8 30.9 18,938.2 30.8 34,940.0 30.9
�50 2,617.5 5.1 3,402.9 5.5 6,020.4 5.3
Total 51,739.0 100 61,454.7 100 113,193.7 100

Time of arrival in the Chernobyl area
1986 (April–May) 1,400 29.2 857 15.4 2,257 21.8
1986 (June–December) 1,503 31.4 2,167 39.0 3,670 35.5
1986 (month unknown) 21 0.4 0 – 21 0.2
1987–1991 1,745 36.4 2,522 45.4 4,267 41.2
Unknown 117 2.4 0 – 117 1.1

Duration of stay in the Chernobyl area (days)
�29 253 5.2 389 7.0 642 6.2
30–89 1,844 38.5 2,867 51.6 4,711 45.5
90–149 1,498 31.2 1,407 25.3 2,905 28.1
150–209 835 17.4 700 12.6 1,535 14.8
�210 65 1.3 183 3.2 248 2.4
Unknown 291 6.0 0 – 291 2.8

Documented dose (cGy)
�4.9 1,097 22.9 844 15.2 1,941 18.7
5.0–9.9 1,271 26.5 1,311 23.6 2,528 24.9
10.0–14.9 700 14.6 579 10.4 1,279 12.3
15.0–24.9 942 19.6 1,608 28.9 2,550 24.6
�25.0 28 0.5 48 0.8 76 0.7
Unknown3 748 15.6 1,156 20.8 1,904 18.4

1Age at beginning of follow-up.–2Men contributed person-years to several age groups, depending on
their ages at the beginning and end of the study.–3It shows the number of men whose dose was not
recorded in any source.
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Fourth, record linkage with death certificates (indicating the
cause of death) in Latvia was based on manual procedures. This
means that the lists with names and some additional identifiers of
cleanup workers were compared visually with original death cer-
tificates. The same procedure is used for comparing and updating
the files of the cancer registry. Manual record linkage may result
in missing some of the death certificate cases and consequently
underestimate cancer incidence both in the cohort and in the gen-

eral population. However, we also undertook an analysis of pro-
portional incidence ratios for this study population, and results
showed general similarity with SIRs, thus suggesting lack of bias.
Also, with the exception of leukemia and thyroid cancer, overall
results for the Latvian and Estonia cohorts were quite similar.

Fifth, in 1992, when we were planning the study, there was
uncertainty about the doses received by cleanup workers. It was
expected that a combined analysis drawing on data for workers

TABLE III – SELECTED CHARACTERISTICS OF CASES OF THYROID CANCER AND LEUKEMIAS IN THE COHORTS OF CHERNOBYL
CLEANUP WORKERS IN ESTONIA AND LATVIA, 1986–1998

Cancer site/type (ICD-9)1 Histological
type (ICD-O-2)

Month and year
of diagnosis

Age at
diagnosis
(years)

Date of entry
to the Chernobyl

area

Age at entry
(years)

Duration of stay
in the Chernobyl

area (days)

Documented
dose (cGy)2

Thyroid gland (193) Papillary adenocarcinoma
(8260.3)

June 1995 47 May 12, 1986 38 53 7.00

Thyroid gland (193) Papillary adenocarcinoma
(8340.3)

June 1995 44 May 10, 1986 35 149 3.50

Thyroid gland (193) Papillary adenocarcinoma
(8260.3)

Feb 1998 43 May 08, 1986 32 98 19.97

Thyroid gland (193) Follicular carcinoma
(8332.3)

Aug 1996 50 July 15, 1987 41 94 7.22

Thyroid gland (193) Papillary cystadeno-
carcinoma (8450.3)

Jan 1997 48 July 15, 1986 37 133 13.45

Thyroid gland (193) Papillary cystadeno-
carcinoma (8450.3)

March 1996 51 May 12, 1986 41 63 3.11

Thyroid gland (193) Papillary adenocarcinoma
(8260.3)

Oct 1998 41 Nov 20, 1986 29 66 20.49

Lymphoid leukemia
(204.9)

Lymphoid leukemia, NOS
(9820.3)

Jan 1995 40 Aug 30, 1986 32 51 14.00

Lymphoid leukemia
(204.0)

Acute lymphoid leukemia
(9821.3)

Jan 1995 51 July 16, 1986 43 101 4.10

Myeloid leukemia
(205.1)

Chronic myeloid leukemia
(9863.3)

June 1996 43 July 16, 1986 33 96 3.07

Myeloid leukemia
(205.0)

Acute myeloid leukemia
(9861.3)

June 1991 41 April 25, 1988 38 176 0.79

Myeloid leukemia
(205.1)

Chronic myeloid leukemia
(9863.3)

Nov 1994 47 Aug 21, 1986 39 57 19.08

Other leukemia
(207.0)

Acute erythremic myelosis
(9841.3)

June 1992 42 May 08, 1986 36 75 10.86

Other leukemia
(207.0)

Acute erythremic myelosis
(9841.3)

May 1990 43 Oct 26, 1987 40 57 2.03

1Two first cases of thyroid cancer were diagnosed among the cohort in Estonia; all other cases listed belong to the cohort in Latvia.–2The
documented dose reflects an estimate of external exposure and is assumed to reflect the whole body dose.

TABLE IV – NUMBER OF OBSERVED INCIDENT CASES AND STANDARDIZED INCIDENCE RATIO (SIR) OF THYROID CANCER, LEUKEMIA, BRAIN CANCER
AND ALL CANCERS IN THE COHORTS OF CHERNOBYL CLEANUP WORKERS IN ESTONIA AND LATVIA BY SELECTED CHARACTERISTICS, 1986–19981

Characteristic
Thyroid cancer Leukemia Brain cancer2 All cancers

Cases SIR 95% CI Cases SIR 95% CI Cases SIR 95% CI Cases SIR 95% CI

Year of arrival in the Chernobyl area
1986 6 10.67 3.92–23.24 5 1.88 0.61–4.39 7 2.32 0.93–4.78 85 1.11 0.89–1.38
April–May 1986 4 18.10 4.93–46.37 1 0.99 0.03–5.54 3 2.52 0.52–7.39 37 1.23 0.87–1.71
June–December 1986 2 5.90 0.71–21.32 4 2.43 0.66–6.23 4 2.19 0.60–5.63 48 1.04 0.77–1.38
�1987 1 2.39 0.06–13.34 2 1.08 0.13–3.92 4 1.94 0.53–4.97 69 1.23 0.96–1.57

Age at start of follow-up (years)
<20 0 0.00 0.00–867.5 0 0.00 0.00–90.18 0 0.00 0.00–87.00 2 4.60 0.56–16.62
20–29 0 0.00 0.00–17.74 0 0.00 0.00–3.50 1 0.72 0.00–4.02 10 0.61 0.29–1.13
�30 7 8.98 3.61–18.52 7 2.02 0.81–4.17 10 2.69 1.29–9.96 143 1.22 1.02–1.42

Duration of stay in the Chernobyl area (days)
<85 3 6.40 1.32–18.72 4 1.76 0.48–4.53 4 1.61 0.44–4.15 64 0.97 0.75–1.25
�85 4 8.13 2.22–20.84 3 1.39 0.29–4.08 7 2.79 1.12–5.75 89 1.40 1.13–1.73

Documented dose (cGy)3

<9.6 4 9.58 2.61–24.54 4 2.31 0.63–5.92 6 2.88 1.06–6.28 68 1.28 1.00–1.63
�9.6 3 8.00 1.65–23.38 3 1.71 0.35–5.00 3 1.49 0.31–4.36 57 1.22 0.93–1.59

Time since return from Chernobyl area (years)
<5 0 0.00 0.00–11.63 2 1.07 0.13–3.90 1 0.55 0.01–3.10 37 0.93 0.66–1.29
5–9 4 8.37 2.28–21.45 5 2.40 0.78–5.62 5 2.10 0.68–4.92 84 1.28 1.02–1.59
�10 3 15.27 3.15–44.63 0 0.00 0.00–5.93 5 5.16 1.68–12.06 34 1.18 0.82–1.66

1Column totals differ for the different categories because of missing values.–2Diagnostic confirmation of brain cancers at the cancer registries
is as follows: glioblastoma, NOS (histological type by ICD-O-2 9440.3)—3 cases; malignant tumor, NOS (8000.3)—2 cases; malignant glioma
(9380.3); anaplastic astrocytoma (9401.3); astrocytoma, NOS (9440.3); malignant meningioma (9530.3); brain cancer based on computer
tomography—2 cases.–3The documented dose reflects an estimate of external exposure and is assumed to reflect the whole body dose.
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from Estonia, Latvia, Lithuania and Belarus might include at least
20,000 cleanup workers. With a sample of this size, there would
be 80% power to detect an excess of leukemia cases after 20 years
of follow-up if the dose was 30 cGy and the relative risk was
2.2.28 The on-going Lithuanian cohort study8 was initially planned
to be a part of joint efforts of all the 3 Baltic countries, but this
goal has not yet been attained. Furthermore, it later turned out that
the mean official radiation dose (recorded from military passports)
was 11 cGy2 and that a mean estimated whole-body dose from
external radiation based on biological markers of exposure, i.e.,
the fluorescence in situ hybridization technique of chromosomal
translocation analyses and the glycophorin A locus in vivo somatic
cell mutation assay was 10–11 cGy.3,4 Thus the low statistical
power to detect health effects of low-dose radiation,29,30 and the
imprecise recorded individual doses should be kept in mind when
interpreting the results, particularly when considering dose–response
relationships.

The adult brain is not considered to be particularly susceptible
to the induction of cancer by ionizing radiation.1 Most evidence of
increased risk is for therapeutic irradiation occurring during child-
hood.31–34 Although an increased risk of central nervous system
tumors was apparent at lower doses among atomic bomb survi-
vors, the dose response for gliomas was not statistically signifi-
cant, though compatible with the overall estimate.35 There is no
evidence of any excess risk of brain cancer cases (shown as a part
of the combined sites of eye, brain and other parts of central nerv-
ous system) among the cohort of cleanup workers from Russia for
1991–2001.7 In a review of 10 cohort studies of US nuclear work-
ers, a statistically significant increased death risk from brain can-
cers was found.36 However, a similar increase in brain cancer risk
was not demonstrated in the combined analysis of mortality
among nuclear workers of the 3 countries37 nor in recent studies
of the nuclear workforce in Canada38 and the nuclear industry in
the United States.39

The excess of brain cancer cases in our study was of borderline
significance, and it might be a chance finding due to multiple com-
parisons or close surveillance.40 It also is possible that some of the
brain cancers of ill-defined histology were metastatic from other
primary sites. Although the SIR increased with time, it did not
appear to be related to dose.

Long-term epidemiological monitoring of cancer risk among
the Chernobyl cleanup workers with a cohort design is challenging
and resource intensive, and so a nested case–control design has
been used in Belarus, Russia and Baltic countries.14 In Ukraine,
the initial project6 has taken a new shape, and leukemia risk cur-
rently is being investigated among ~110,000 cleanup workers,
again employing a nested case–control approach.41,42 In light of

a recent publication,43 the cohort study that was started in Belarus5

seems to have stalled. The largest and most productive study based
on the data of the Russian National Medical and Dosimetric
Registry faces the enormous task of getting reliable information
on the health status of 168,000–180,000 cleanup workers from
4,000 health care institutions spread across a very large area.24,44

As yet, no results on cancer occurrence have emerged from the
Lithuanian study.8 In Latvia, the cancer registry is under immedi-
ate threat of closure, due to plans to create an integrated health in-
formation system for all diseases and for all purposes, and to col-
lect only ‘‘non-sensitive’’ data.

Notwithstanding the hardships of trying to clarify the health
consequences of Chernobyl, the international community has a
deep collective interest in issues concerning the possible long-
term health effects of the radiactive fallout.1,45 Among other pri-
orities, it is of utmost importance to ensure valid, long-term fol-
low-up of the cohorts that have been formed. Unfortunately, in
Estonia, all register-based public health research is threatened by
the data protection law and its application.46 The law carries the
spirit of the 1990 and 1992 drafts of the European directive with a
negative impact on research.47–50 Thus, there exists a real threat of
losing a tradition of epidemiological research in Estonia, which,
though based on a relatively small population, has been of high
quality. Under present circumstances, further follow-up of Cher-
nobyl cleanup workers remains practically impossible.

Overall, no excess risk of cancer was found among Baltic
Chernobyl cleanup workers, providing some assurances that
radiation risks are low in these cohorts and not larger than those
anticipated based on estimated doses. Some excess cases of can-
cer sites were observed, but may not be radiation-related: the
excess of thyroid cancer cases was due largely to detection dur-
ing special screenings; the excess of leukemia cases was not
dose related, and several of the diagnoses were not confirmed;
the excess of brain cancer cases also was not dose related and
may be a chance finding. No significant associations between
exposure characteristics and cancer risk were demonstrated, al-
beit based on small numbers.

Acknowledgements

The authors are indebted to many previous contributors to the
design, initiation and conduct of this study. Histopathologic verifi-
cation of leukemia, malignant lymphoma and/or thyroid cancer
cases was performed by the late William Moloney (Brigham and
Women’s Hospital, Boston) and by panels of pathologists and
hematologists. We also thank Ausra Kesminiene, IARC, France,
for expert advice.

References

1. United Nations. The United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR) 2000 Report. New York:
United Nations, 2000.

2. Tekkel M, Rahu M, Veidebaum T, Hakulinen T, Auvinen A, Ryt€omaa T,
Inskip PD, Boice JD, Jr. The Estonian study of Chernobyl cleanup work-
ers: I. Design and questionnaire data. Radiat Res 1997;147:641–52.

3. Bigbee WL, Jensen RH, Veidebaum T, Tekkel M, Rahu M,
Stengrevics A, Auvinen A, Hakulinen T, Servomaa K, Ryt€omaa T,
Obrams GI, Boice JD, Jr. Biodosimetry of Chernobyl cleanup workers
from Estonia and Latvia using the glycophorin A in vivo somatic cell
mutation assay. Radiat Res 1997;147:215–24.

4. Littlefield LG, McFee AF, Salomaa SI, Tucker JD, Inskip PD, Sayer
AM, Lindholm C, M€akinen S, Mustonen R, Sorensen K, Tekkel M,
Veidebaum T, et al. Do recorded doses overestimate true doses
received by Chernobyl cleanup workers? Results of cytogenetic anal-
yses of Estonian workers by fluorescence in situ hybridization. Radiat
Res 1998;150:237–49.

5. Okeanov AE, Cardis E, Antipova SI, Polyakov SM, Sobolev AV,
Bazulko NV. Health status and follow-up of the liquidators in Belarus.
In: Karaoglou A, Desmet G, Kelly GN, Menzel HG, eds. The radio-
logical consequences of the Chernobyl accident. Brussels: European
Commission, 1996:851–9. Proceedings of the First International Con-
ference (Minsk, Belarus, March 18–22, 1996).

6. Buzunov V, Omelyanetz N, Strapko N, Ledoschuck B, Krasnikova L,
Kartushin G. Chernobyl NPP accident consequences cleaning up par-
ticipants in Ukraine: health status epidemiological study—main
results. In: Karaoglou A, Desmet G, Kelly GN, Menzel HG, eds. The
radiological consequences of the Chernobyl accident. Brussels: Euro-
pean Commission, 1996:871–8. Proceedings of the First International
Conference (Minsk, Belarus, March 18–22, 1996).

7. Ivanov VK, Gorski AI, Tsyb AF, Ivanov SI, Naumenko RN, Ivanova
LV. Solid cancer incidence among the Chernobyl emergency workers
residing in Russia: estimation of radiation risks. Radiat Environ Bio-
phy 2004;43:35–42.

8. Kesminiene A, Kurtinaitis J, Rimdeika G. The study of Chernobyl
clean-up workers from Lithuania. Acta Med Lithuanica 1997;2:55–61.

9. Stengrevics A. Latvian Chernobyl clean-up workers’ cohort and
planned studies. In: Coordination of studies of health risks in the Cher-
nobyl clean-up workers and their offspring in the Baltic countries.
Copenhagen: WHO Regional Office for Europe, 1993:3–4. Report on
a WHO consultation, Helsinki, May 25–26, 1992; EUR/ICP/CEH 117
4150s.

10. Rahu M, Tekkel M, Veidebaum T, Pukkala E, Hakulinen T, Auvinen A,
Ryt€omaa T, Inskip PD, Boice JD, Jr. The Estonian study of Chernobyl
cleanup workers: II. Incidence of cancer and mortality. Radiat Res 1997;
147:653–7.

167CANCER RISK AMONG CHERNOBYL CLEANUP WORKERS IN ESTONIA AND LATVIA, 1986–1998



11. Parkin DM, Whelan SL, Ferlay J, Teppo L, Thomas DB, eds. Cancer
incidence in five continents, vol VIII. Lyon: IARC, 2002. IARC Sci-
entific Publication No. 155.

12. World Health Organization. International classification of diseases,
injuries, and causes of death, 9th revison. Geneva: WHO, 1977.

13. Percy C, Van Holten V, Muir C, eds. International classification of
diseases for oncology, 2nd ed. Geneva: WHO, 1990.

14. Kesminiene A, Cardis E, Tenet V, Ivanov VK, Kurtinaitis J,
Malakhova I, Stengrevics A, Tekkel M. Studies of cancer risk among
Chernobyl liquidators: materials and methods. J Radiol Prot 2002;22:
A137–41.

15. Inskip PD, Hartshorne MF, Tekkel M, Rahu M, Veidebaum T, Auvinen A,
Crooks LA, Littlefield LG, McFee AF, Salomaa S, M€akinen S, Tucker JD,
et al. Thyroid nodularity and cancer among Chernobyl cleanup work-
ers from Estonia. Radiat Res 1997;147:225–35.

16. Viel JF, Curbakova E, Dzerve B, Eglite M, Zvagule T, Vincent C.
Risk factors for long-term mental and psychosomatic distress in Latvian
Chernobyl liquidators. Environ Health Perspect 1997;105 (Suppl 6):
1539–44.

17. National Council on Radiation Protection and Measurements. Induc-
tion of thyroid cancer by ionizing radiation. Bethesda: NCRP, 1985.
NCRP Report No. 80.

18. Thompson DE, Mabuchi K, Ron E, Soda M, Tokunaga M, Ochikubo
S, Sugimoto S, Ikeda T, Terasaki M, Izumi S, Preston DL. Cancer
incidence in atomic bomb survivors. Part II: Solid tumors, 1958–1987.
Radiat Res 1994;137(2 Suppl):S17–67. (Erratum in: Radiat Res 1994;
139:129.)

19. Dickman PW, Holm L-E, Lundell G, Boice JD, Jr, Hall P. Thyroid
cancer risk after thyroid examination with 131-I: a population-based
cohort study in Sweden. Int J Cancer 2003;106:580–7.

20. Linet MS, Boice JD, Jr. Radiation from Chernobyl and risk of child-
hood leukaemia. Eur J Cancer 1993;29A:1–3.

21. Boice JD, Jr. Leukaemia, Chernobyl and epidemiology. J Radiol Prot
1997;17:129–33.

22. Ivanov VK, Tsyb AF, Gorsky AI, Maksyutov MA, Rastopchin EM,
Konogorov AP, Korelo AM, Biryukov AP, Matyash VA. Leukaemia
and thyroid cancer in emergency workers of the Chernobyl accident:
estimation of radiation risks (1986–1995). Radiat Environ Biophys
1997;36:9–16.

23. Boice JD, Jr, Holm LE. Radiation risk estimates for leukemia and thy-
roid cancer among Russian emergency workers at Chernobyl. Radiat
Environ Biophys 1997;36:213–4.

24. Ivanov VK. Response to the letter to the editor by J. D. Boice and L.-E.
Holm Radiat Environ Biophys 1998;36:305–6.

25. Konogorov AP, Ivanov VK, Chekin SY, Khait SE. A case–control
analysis of leukemia in accident emergency workers of Chernobyl.
J Environ Pathol Toxicol Oncol 2000;19:143–51.

26. Preston DL, Kusumi S, Tomonaga M, Izumi S, Ron E, Kuramoto A,
Kamada N, Dohy H, Matsuo T, Nonaka H, Thompson DE, Soda M,
et al. Cancer incidence in atomic bomb survivors. Part III: Leukemia,
lymphoma and multiple myeloma, 1950–1987. Radiat Res 1994;137
(2 Suppl):S68–97. (Erratum in: Radiat Res 1994;139:129.)

27. Mironova-Ulmane N, Pavlenko A, Zvagule T, K€arner T, Bruvere R,
Volrate A. Retrospective dosimetry for Latvian workers at Chernobyl.
Radiat Prot Dosimetry 2001;96:237–40.

28. Auvinen A, Rahu M, Veidebaum T, Tekkel M, Hakulinen T, Salomaa S,
Boice JD, Jr, eds. Cancer incidence and thyroid disease among Estonian
Chernobyl clean-up workers. Helsinki: STUK, Radiation and Nuclear
Safety Authority, 1998. Publication No. STUK-A158.

29. Moysich KB, Menezes RJ, Michalek AM. Chernobyl-related ionising
radiation exposure and cancer risk: an epidemiological review. Lancet
Oncol 2002;3:269–79.

30. Catlin RJ, Bond V. Assessing the risk to the general population in
large scale radiation accidents: a review. In: Ricks RC, Fry SA, eds.
The medical basis for radiation accident preparedness II. Clinical ex-
perience and follow-up since 1979. New York: Elsevier, 1990:291–
315. Proceedings of the Second International REAC/TS Conference

on the Medical Basis for Radiation Accident Preparedness (October
20–22, 1988).

31. Ron E, Modan B, Boice JD, Jr, Alfandary E, Stovall M, Chetrit A,
Katz L. Tumors of the brain and nervous system after radiotherapy in
childhood. N Eng J Med 1988;319:1033–9.

32. Karlsson P, Holmberg E, Lundell M, Mattsson A, Holm LE, Wallgren
A. Intracranial tumors after exposure to ionizing radiation during
infancy: a pooled analysis of two Swedish cohorts of 28,008 infants
with skin hemangioma. Radiat Res 1998;150:357–64.

33. Little MP, de Vathaire F, Shamsaldin A, Oberlin O, Campbell S,
Grimaud E, Chavaudra J, Haylock RG, Muirhead CR. Risks of brain
tumour following treatment for cancer in childhood: modification by
genetic factors, radiotherapy and chemotherapy. Int J Cancer 1998;
78:269–75.

34. Sadetzki S, Chetrit A, Freedman L, Stovall M, Modan B, Novikov I.
Long-term follow-up for brain tumor development after childhood ex-
posure to ionizing radiation for tinea capitis. Radiat Res 2005;163:
424–32.

35. Preston DL, Ron E, Yonehara S, Kobuke T, Fujii H, Kishikawa M,
Tokunaga M, Tokuoka S, Mabuchi K. Tumors of the nervous system
and pituitary gland associated with atomic bomb radiation exposure.
J Natl Cancer Inst 2002;94:1555–63.

36. Alexander V. Brain tumor risk among United States nuclear workers.
Occup Med 1991;6:695–714.

37. Cardis E, Gilbert ES, Carpenter L, Howe G, Kato I, Armstrong BK,
Beral V, Cowper G, Douglas A, Fix J, Fry SA, Kaldor J, et al. Effects
of low doses and low dose rates of external ionizing radiation: cancer
mortality among nuclear industry workers in three countries. Radiat
Res 1995;142:117–32.

38. Zablotska LB, Ashmore JP, Howe GR. Analysis of mortality among
Canadian nuclear power industry workers after chronic low-dose ex-
posure to ionizing radiation. Radiat Res 2004;161:633–41.

39. Howe GR, Zablotska LB, Fix JJ, Egel J, Buchanan J. Analysis of the
mortality experience amongst US nuclear power industry workers af-
ter chronic low-dose exposure to ionizing radiation. Radiat Res 2004;
162:517–26.

40. Greenwald P, Friedlander BR, Lawrence CE, Hearne T, Earle K.
Diagnostic sensitivity bias—an epidemiologic explanation for an ap-
parent brain tumor excess. J Occup Med 1981;23:690–4.

41. National Cancer Institute, Division of Cancer Epidemiology and
Genetics. Study of leukemia and other hematological diseases among
liquidators in Ukraine after the Chornobyl accident. http://www.dceg.
cancer.gov/chornobylLeukemiaUkraine.html

42. Bouville A, Chumak VV, Inskip PD, Kryuchkov V, Luckyanov N.
Chornobyl accident: estimation of radiation doses received by the
Baltic and Ukrainian clean-up workers. Radiat Res, in press.

43. Okeanov AE, Sosnovskaya EY, Priatkina OP. National cancer registry
to assess trends after the Chernobyl accident. Swiss Med Wkly 2004;
134:645–9.

44. Ivanov V, Ilyin L, Gorski A, Tukov A, Naumenko R. Radiation and
epidemiological analysis for solid cancer incidence among nuclear
workers who participated in recovery operations following the acci-
dent at the Chernobyl NPP. J Radiat Res 2004;45:41–4.

45. Hatch M, Ron E, Bouville A, Zablotska L, Howe G. The Chernobyl
disaster: cancer following the accident at the Chernobyl Nuclear Power
Plant. Epidemiol Rev 2005;27:56–66.

46. Rahu M, McKee M. Effect of Estonian law on prospects for public
health research [letter]. Lancet 2003;362:2122.

47. Knox EG. Confidential medical records and epidemiological research.
BMJ 1992;304:727–8.

48. Vandenbroucke JP. Privacy, confidentiality and epidemiology: the
Dutch ordeal. Int J Epidemiol 1992;21:825–6.

49. Lynge E. European directive on confidential data: a threat to epidemi-
ology. BMJ 1994;308:490.

50. Olsen J. The European Union ponders the tasks of conducting epide-
miologic research. Epidemiology 1995;6:460–1.

168 RAHU ET AL.


